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Global mean sea level has been rising and projected to rise further in the future. Sea level 
changes are not spatially uniform, it is the local sea level changes that the local communities 
directly experience and care more about. However, the regional sea level usually exhibits 
considerable natural variability that is internally generated within the climate system, 
obscuring regional sea level change due to external forcings (e.g., anthropogenic forcings 
such as greenhouse gases and aerosols, natural forcings such as volcanic eruption and solar 
cycle) and also causing large uncertainties for future regional sea level projections.  
Based on climate models from the Coupled Model Intercomparison Project Phase 5 
(CMIP5), two methods were designed to measure the relative magnitude of the externally-
forced sea level change signal and the natural sea level variability at regional scales. Both 
methods were also applied to surface air temperature for comparing the response differences 
between ocean and atmosphere. The first method was to determine the time when the climate 
change signal exceeds and thus emerges from the range of natural variability (referred to as 
the Time of Emergence, ToE). Based on three regional sea level projection datasets available 
to 2100, which have increasing complexity in terms of included processes, the ToE for 
regional sea level changes relative to the reference period 1986–2005 was estimated. The 
dynamic sea level derived from ocean density and circulation changes alone leads to 
emergence over only limited regions until the end of 21st century. By adding the global-ocean 
thermal expansion effect, the multi-model ensemble median results indicate that 50% of the 
ocean area will show emergence with rising sea level by the early-to-middle 2040s. Including 
additional contributions from land ice mass loss, land water storage change and glacial 
isostatic adjustment generally enhances the signal of regional sea level rise (except in some 
regions with decreasing sea levels), which leads to emergence over more than 50% of the 
ocean area by 2020. The ToE for total sea level is substantially earlier than that for surface air 
temperature and exhibits little dependence on the emission scenarios, which means that our 
society will face detectable sea level change and its potential impacts earlier than surface air 
warming.  
The second method was applying a variance analysis method to partition the total 
variance of climate signal into internally-generated (i.e., natural variability) and externally-
forced (both anthropogenic and natural factors) parts from CMIP5 models with multiple but 

















on interannual and longer time scales for regional surface air temperature and sea level was 
quantified. The highest ratios were found in tropical areas for surface air temperature, but at 
high latitudes for sea level over the historical period (1860–2005) when ocean dynamics and 
global mean thermosteric contributions are considered. Averaged globally, the ratios over a 
fixed time interval (e.g., 30 years) were projected to increase during the 21st century under 
the business-as-usual scenario (RCP8.5) for both surface air temperature and sea level. In 
contrast, the ratio declines sharply by the end of 21st century for surface air tmeperature 
under two mitigation scenarios (RCP2.6 and RCP4.5), but only declines slightly or stabilizes 
for sea level, indicating a slower response of sea level to climate mitigation.  
Much of the regional sea level trend in the Pacific during the short altimeter era of about 
two decades (since 1993) can be roughly explained by the basin-scale interdecadal climate 
variability, although it is uncertatin if there is still any externally-forced signal. Thus another 
emphasis of this thesis was about the large-scale interdecadal (>7 years) sea level variability 
in the Pacific. Based on currently available observation-based products, this thesis evaluated 
the ability of climate models participating in phases 3 and 5 of the Coupled Model 
Intercomparison Project (CMIP3 and CMIP5) to simulate the dominant interdecadal 
variability mode in the Pacific, i.e., the Interdecadal Pacific Oscillation (IPO). The results 
indicate that compared with the CMIP3 models, the CMIP5 models exhibit slightly better 
performance in reproducing the observed interdecadal variability patterns of both sea surface 
temperature and sea level, and also exhibit smaller inter-model spread. Climate models tend 
to simulate more realistic interdecadal variability patterns for sea surface temperature than for 
sea level. A prominent deficiency among CMIP3 and CMIP5 models lies in the northwestern 
tropical Pacific, where the observations show large sea level variations associated with the 
IPO but the simulated variations are usually much weaker or even of the wrong sign. These 
biases can be generally associated with the inaccurate representation of wind forcing patterns 
at the corresponding latitudes (~12°N). The air-sea coupling may play a role in the bias of 
interdecadal wind patterns in coupled climate models, and the representation of 
climatological mean states in climate models could influence the simulated interdecadal 
variability patterns. The results provide necessary skill information on climate models for 
further studying the Pacific interdecadal variability, as well as for better distinguishing the 
climate change signal from natural climate variability.  
Finally, the hindcast simulations from the Ocean general circulation model for the Earth 
Simulator (OFES) over 1950–2011, along with an ocean reanalysis product and a climate 

















interdecadal sea level variability in the Pacific. The dedcadal (7–30 years) and multidecadal 
(>30 years) signals of interdecadal sea level variability were discussed separately.  However, 
due to limitations of data length and quality, our analysis was limited to the decadal time 
scale only. Basin-scale propagating features (mainly westward) of decadal sea level 
variability in the Pacific with the dominant period of ~12 years were derived from a series of 
statistical methods based on the Empirical Orthogonal Function analysis. The corresponding 
wind patterns were also identified. A linear Rossby wave model including the local Ekman 
pumping and propagations of the first baroclinic Rossby wave could explain the decadal sea 
level variability quite well in some regions, especially in the subtropical Pacific. The 
propagating features and mechanisms of decadal sea level variability identified here could 
provide useful information for interannual and decadal prediction of regional sea level in the 
Pacific.  
 
Keywords: regional sea level change; climate model; natural variability; external forcing; 

























（Intergovernmental Panel on Climate Change, IPCC）第五次评估报告决策者摘要；
IPCC, 2013）。 
沿海地区多是人口密度高、经济发达、高度城市化的区域，平均海平面以上十米




































图 1.1 影响全球及区域海平面的主要过程 [引自 Stammer et al., 2013] 。 
Fig. 1.1 Main processes that influence global and regional sea level [adopted from 







（Church et al., 2011b; Gregory et al., 2013）。 
IPCC 第五次评估报告给出的主要结论之一：“气候系统的变暖是毋庸置疑的”。
事实上全球变暖过程中大约 90%以上的热量存储在海洋中（Church et al., 2011b），全
球海洋吸收热量，密度减小从而导致海水热膨胀体积增大，全球平均海平面上升。盐
度变化则具有相反的影响，盐度升高，密度增大，海水体积减小，海平面下降，但是
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